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Introduction
In June 2014, the European Central Bank (ECB) started implementing a "negative interest rate" policy. Since then, Eurozone banks must pay if they park money on their ECB account. Accompanying the continuing package of quantitative easing, the negative rate policy of ECB aims to encourage commercial banks to lend more to the public rather than accumulating liquidity, in which case they would have to pay either the negative rate or bear the cash storing expenses. According to ECB's arguments, a low interest rate creates incentives for people "to spend money or invest," thus stimulating demand in the economy. The ultimate goal or this policy is to boost demand and increase the inflation rate.
The purpose of this paper is examine whether the promise of the recent interest rate cuts to increase the inflation rate in the Eurozone is realistic. The motivation for our investigation lies in the theory of a cost channel of monetary policy developed by Barth & Ramey (2002) . Normally, the conventional demand-side effect theory states that a drop in interest rates would generally relax borrowing constraints while making savings less attractive and, thus, would encourage both more investment and more consumption, ultimately leading to a surge in inflation (Rabanal 2007 and Tillmann 2008) . However, in addition, the monetary decision made by central banks would also affect the supply side through the cost channel. Specifically, if the interest rate is reduced, the capital cost component in the marginal cost of production decreases. In a competitive environment, where firms are price-takers instead of having market power, firms would lower their prices. Consequently, the overall producer price level would decrease and, thusly via the cost channel effect, the monetary policy of cutting interest rates would, ceteris paribus, imply deflation.
A substantial number of both theoretical and empirical studies, using a variety of models and data sets, examine the cost channel effect. Notably, Ravenna & Walsh (2006) find evidence of a cost channel effect when studying data from the United States (US). In a similar manner, Chowdhury et al. (2006) conclude that in Canada, France, and Italy, United Kingdom (UK) and US the cost channel exists and it significantly alters the traditional interest rate channel's effect on inflation dynamics after a temporary monetary shock while the effect is not so clear for Germany and Japan. They argue that this discrepancy is attributed to the distinctive characteristics of financial markets in each country: a highly regulated and bank-based financial intermediary sector in Germany and Japan is less likely to experience the cost channel effect than a more liberal, stock-based, and competitive financial sector, as in Anglo-Saxon countries. This line of argument is extensively examined and supported by Hülsewig et al. (2009) for the Eurozone, with the authors pointing out that banks tend to smooth their lending rates when facing shocks in monetary base rates, thus shielding and mitigating the effect of these shocks on their customers. This phenomenon is known as the incomplete pass-through of policy interest rate to the actual lending rate. Gaiotti & Secchi (2006) find supporting evidence for the existence of the cost channel effect. Instead of employing the traditional time series approach, they use panel data for over 2,000 companies in Italy. Similar results are found by Tillmann (2008) for the Eurozone, the US, and, at a lower significance level, the UK. The latter finding casts doubt about the role of distinctive financial markets in determining the strength of the cost channel effect.
In contrast, Rabanal (2007) confirms the traditional demand-side effect. He finds that in the US, after a monetary shock, inflation rates and interest rates move in opposite directions. Kaufmann & Scharler (2009) , in their study of both the US and the Eurozone, conclude that there is limited evidence of the cost channel effect on inflation. More recently, Malikane (2012) , examining emerging markets, finds no supporting evidence for the cost channel effect, except for Mexico. It is noteworthy that these results do not necessarily mean that the cost channel effect on inflation does not exist at all. In fact, as predicted by theoretical models, the effect is only observable under certain circumstances, when a particular number of macroeconomic conditions are simultaneously satisfied. Using a dynamic stochastic general equilibrium model, Henzel et al. (2009) study under which specific regimes, denoted by a set of parameters' values, the cost-channel would pose a detectable effect on inflation rate. The result shows that, without imposing restrictions on calibrated model parameters, no cost channel effect in response to an interest rate shock exists. However, the cost channel effect prevails if real wage rigidity is high enough, i.e. if either the rigidity in nominal wage is large enough or the price stickiness level is low enough.
Inspired by the post financial crisis monetary policy movements of the ECB, and the inconclusive evidence regarding the existence of a cost channel, we aim to examine the effect of expansionary monetary policy on German, Italian and Spanish inflation. In order to gain novel insights into the mechanisms that are behind a potential pass-through of lower interest rates to consumer price changes, we apply two approaches. First, we hypothesize that producer prices respond to movements in monetary policy prior to consumer prices and test this conjecture with industry panel data from the German manufacturing sector. This sector is of particular interest since it is usually considered to be the backbone of the German Economy.
Second, we use time series analysis to examine whether the cost channel effect in response to a hypothetical monetary shock would be strong enough to dominate the traditional demand-side channel effect. The results for Germany are then put into perspective by comparing it with those obtained for Italy and Spain, two countries specifically hit by the European economic and sovereign debt crisis.
To the best of our knowledge, no prior study uses panel data from the German manufacturing industry for tracking down a potential pass-through of changes in the monetary policy rate to prices. We are also the first to investigate the cost channel effect of ECB's post-crisis monetary policy for Germany, Italy, and Spain.
Other research on a similar topic, conducted by Cochrane (2016) and Smith (2016) , focuses solely on the United States.
The rest of this paper is organized as follows. Section 2 illustrates recent trends in interest rates and interest costs. Section 3 lays out the empirical strategy and methodology, including the time series models that we use to identify the cost channel effect. Section 4 discusses our findings as well as their implications, while Section 5 describes the robustness checks with new inputs. Section 6 concludes. Figure 1 illustrates the downward trend of the ECB's policy interest rates over the 2000-2015 period. The deposit facility rate is the rate that the ECB pays for the overnight deposits of commercial banks in its account, the marginal lending facility rate represents the overnight rate at which ECB is willing to lend money to the commercial banks, while the main refinancing operations rate demonstrates the longer term rate at which the ECB injects "the bulk of liquidity to the banking system". These three key interest rates move alongside each other and together constitute the toolkit for ECB's monetary policy. In 2014, the deposit facility rate became negative. The proportional "fee" on banks' reserves with ECB should, in theory, encourage banks to reduce reserves by making more commercial loans. 
Trends in Interest Rates and Interest Costs

Empirical Strategy
We use two approaches to track down a potential pass-through of changes in the monetary policy rate to consumer price changes during the financial and sovereign debt crisis. First, we utilize panel data of German manufacturing industries. Second, we conduct time series analyses for Germany, Italy, and Spain.
Panel Data Analysis
We start with a panel vector autoregression (PVAR) analysis covering 229 manufacturing industries. Instead of proposing a specific model, we estimate the coefficients by using a generalized method of moments (GMM) framework (for a similar approach see Galariotis et al. 2016) . For the inputs of the PVAR model, we utilize the industry-specific cost structure and PPI data per industry provided by the Federal Statistical Office of Germany. The yearly data covers the period between 2008 and 2014. We break down the various components of these industries' cost structure into interest costs (Icost), consumption of fixed capital (CFC), wage and salary costs (Wcost), and other costs (Ocost). The explicit inclusion of the depreciation share CFC (consumption of fixed capital) in the model serves to take investment into account. Ceteris paribus, increasing investments leads to higher depreciation, 1 and at the same time to higher interest expenditures from financing these investments.
The raw data is given as percentage share of gross output, which then is multiplied by the turnover value index of the same year, obtained from the same 1 We use consumption of fixed capital and depreciation interchangeably. (Table 3) . Therefore, we take the first difference of this variable, ∆P P I, as input for the panel VAR (PVAR) model. The PVAR takes the general form:
where
is the matrix of model variables of industry i at time t, µ denotes the matrix of constants, Θ the matrix of parameters, and t,i is the matrix of error terms at time t for industry i. Note that errors are allowed to be correlated across equations.
We expect producer prices in the German manufacturing industry to have a mediating function in a potential pass-through of interest rate changes to changes in consumer prices. This conjecture is tested with a vector error correction model (VECM):
where Ψ is the parameters matrix, t is the error terms matrix at time t, while 3 The same models with appropriately different lag lengths are applied in estimating the models for Italy and Spain. The VAR model has the general form:
Time Series Analysis
where µ denotes the vector of constants and The data is summarized in Table 4 (Appendix).
After establishing the appropriate model, we use it for performing an impulse response analysis in order to see how the inflation rate reacts to an artificial shock in the policy interest rate. As a matter of focus, we neglect the magnitude of the cost channel effect, but seek to identify which effect of a tumble in the policy interest rate would have a greater effect on inflation: the pull-down force from the supply side or the push-up one from the demand side.
For this purpose, we analyze the correlated movements of these two variables. From the obtained evidence, we can assess the effectiveness of ECB's recent monetary policy.
Results and Discussion
Cost Channel Effect in the German Manufacturing Industry
We estimate the coefficients of model (1) by using generalized method of moments (GMM) imposing restrictions on the number of lags of instrument variables. In order to test the validity of instruments, we use Hansen's J chi-squared statistic.
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We specify a first order lag model based on modified lag length criteria. The optimal lag length for instrument variables that satisfies the over-identification test is the inclusion of third, fourth, and fifth lags (see Appendix, Table 5 for the lag length test).
The coefficient estimates in Table 6 show that, on average, interest costs have a positive effect on changes in PPI at a 5% significance level. However, since a change in interest costs could be attributed to either a change of the interest rate or to a change of the debt level, further evidence is needed to determine whether an interest cost change imposes the same effect on the sector's PPI as an interest rate change. Fortunately, we can show that during the period of concern, the movements in interest cost of German manufacturing companies are mainly guided by the effect of interest rates, while debt variation plays only a limited role. As illustrated in Figure 3 , the sector's average interest cost (Icost) closely follows the trend of the EONIA rate (Lendrate). In contrast, data from Bundesbank's enterprises' and households' time series database show that over the same period, the financial debt level of German companies involved in production activities followed a completely different pattern (Figure 4 ). Hence, we can safely assert that the variable interest cost in our model is dependent on the interest rate and, thus, impose the same effect on the sector's PPI.
[ Figures 3 and 4 here]
Wage and salary costs, as well as other costs, all have statistically significant effect on the changes in PPI at the level of 1%, while the effect of consumption of fixed capital is insignificant at conventional levels (see Table 6 ). Moreover, the Granger causality test results presented in Table 7 indicate that interest cost, wage and salary cost, as well as other costs all significantly Granger-cause the change in PPI, while consumption of fixed capital does not. However, in the other equations the remaining variables rarely have a Granger causality effect on each other.
In conclusion, we can assert that if manufacturing firms' interest cost drop, the changes in their respective industry's PPI are smaller one year later. This finding is in accordance with the prediction of the cost channel theory, as the interest rate, through interest costs in our model, positively affects the change of producer's price index.
The next thing we aim at is establishing a mediating role of producer prices in the transmission of interest rate changes to consumer price changes. That is, we would need to confirm a statistically significant relationship between PPI and Germany's consumer prices (CPI). By employing the Johansen cointegration test with two lags and linear deterministic trend in the series, we find that both variables are cointegrated of first order (Table 9 ). This prompts us to fit the time series with a vector error correction model VECM(2), whose result is shown in Table 10 in the Appendix. Our focus stays on the cointegration equation estimates, which indicates a significantly positive relation between Germany's CPI and the manufacturing sector's PPI in the long run. Moreover, in the short run, the coefficient estimates imply that changes in PPI positively and significantly affect changes in CPI one and two years later. In other words, inflation in producer prices leads to inflation in consumer prices.
Consequently, we establish a chained relationship between manufacturing firms' interest cost, the manufacturing sector's PPI, and Germany's CPI. As firms' interest costs go down, the changes in PPI of manufacturers would also fall in response, and the aggregate CPI would, in turn, move in the same direction.
Therefore, ceteris paribus, cutting the interest rate leads to lower interest costs and, hence, to a lower inflation level. In line with the theory of cost channel effect of monetary transmission, the industry level result implies that the ECB's current low interest rate policy would likely fail to bring up the inflation level in Germany.
Time Series Results for Germany
We apply the proposed VAR model (2) to the quarterly time series inputs from 2000 to 2015. First, we use the Augmented Dickey-Fuller unit root test without trend and intercept to examine stationarity among the time series. The null hypothesis is that the time series contains a unit root, thus is non-stationary. The results 5 point out that inflation rate and policy rate are stationary at conventionally significant levels, while we cannot reject that a unit root exists for GDP and the lending rate LRATE. Therefore, we take the first difference of the two latter variable to make them suitable for being included in the VAR model, denoted as ∆(LRATE) and ∆(GDP), respectively.
After comparing the results of lag length criteria tests, autocorrelation tests and heteroscedasticity tests, we arrive at the decision of using the VAR(2) model specification for the whole period, i.e. incorporating one-period and two-period lags of the variables into the right hand side of the model equation. According to the model's estimation result (see Table 14 in the Appendix), the deposit facility rate does not play a statistically significant role in affecting the HICP level.
Even after taking the 2008 crisis peak into account by generating an interactive 5 Not reported, but available from the authors upon request.
dummy variable with DRATE for the pre-and post-crisis periods ( 
Time Series Results for Italy and Spain
According significance of the cost channel effect on inflation rate is greatly determined by the level of pass-through from the policy rate to the lending rate, i.e. the extent to which commercial banks are willing to adopt their rates for loans to changes in the monetary policy rate. In general, the easier the pass-through of rates, the more substantial is the cost channel effect on inflation (Hülsewig et al. 2009 ). Therefore, it is sensible to explore how the uniform ECB policy rate was transferred into average lending rates in the countries of concern. Figure 7 shows the movements of ECB's deposit facility rate (policy rate) and the lending rates in Germany, Italy, and Spain between 2003 and 2015.
[ Figure 7 here]
In the period from 2003 to the beginning of 2009, before the crisis started to take its full toll, the three lending rates moved very closely to the pattern of the policy rate and to each other. However, after 2009, while the lending rate of Germany continued to track ECB's rate accurately and decreased gradually, there were dramatic increases in Italy's and Spain's lending rates. This divergence signals a much smaller level of pass-through of rates. In fact, retail rates moved in the opposite direction of the policy rate for a rather long period. As a result, the cost channel effect is more strongly suppressed in Italy and Spain than it is in Ger- 
Robustness Checks
We use the "core inflation" (HICP-all-items-less-food-and-energy), instead of the normal consumer price inflation, for our first robustness check. The "core infla-tion" represents the underlying inflation trend after removing from the basket of goods the components of food and energy. The latter prices are proven to be historically volatile and subject to random supply shocks. They may, thus, provide misleading information about the dynamics of true inflation (Wynne 1999). The "core inflation" might be considered, therefore, as the measure of inflation "over which monetary policy has the most influence" (Clark 2001) . The data of the core HICP (INF1) for Germany, Italy, and Spain are collected from OECD Statistics, and those of marginal lending facility rate (MRATE) and main refinancing operations rate (MRO) from Bundesbank's website.
When using the growth rate of INF1 as the proxy for the inflation rate in model (3), the result are the same as in case of the normal HICP: The ECB's deposit facility rate causes no significant effect on inflation rate. For Italy, using the core inflation measure undermines the significance of policy rate's effect on inflation and, hence, makes the demand-side effect disappear. Noticeably, for Spain, the cost channel effect significantly emerges and dominates. When the deposit facility rate dropped by 1 percentage point, a quarter later inflation dropped by 0.23 percentage points.
Obviously, the response of food and energy goods' prices to the policy rate shock is a large part of the demand-side effect in Italy and an even greater part in the case of Spain. Excluding these items from the inflation indicator vastly reduces the significance of the effect in these countries.
In the second and third robustness checks, we substitute in the VAR model (3) the deposit facility rate with the marginal lending facility rate (MRATE) and the main refinancing operations rate (MRO), respectively. Together, these three rates constitute the key interest rate tools through which the ECB can maneuver the commercial banks' behaviors and the liquidity on the macro economy. Although they tend to move in parallel with one another, each affects different areas of the financial system and, thusly, might have different influences on the inflation rate.
For Germany, the respective effects of MRATE and MRO on inflation's dynamics are statistically insignificant at conventional levels. Similar findings also hold for both model versions of Italy. For Spain, however, the model with MRATE documents the existence of cost channel effect at the significance level of 10%. With a 1% point negative shock in ECB's marginal lending facility rate, Spain's inflation rate would experience a 1.02% drop one quarter later, which is then followed by a state of fluctuations as both cost channel effect and demand-side effect struggle and slowly die down. In contrast, for the model using MRO no significant results are obtained for the three countries. 
Conclusions
In this paper we aim to clarify on the effectiveness of the ECB's monetary policy for increasing the inflation rate to the target level of two percent. Against the backdrop of policy rate cuts during recent crisis years, we test whether the interest rate cost channel effect dominates the demand-side effect in Germany, Italy, and Spain. By using panel data of the German manufacturing sector we are able to establish a potential pass-through of interest rates to producer prices. We also find that producer prices have a mediating function in a potential pass-through of interest rate changes to changes in German consumer prices. However, the subsequent VAR-analysis for Germany yields an insignificant effect of ECB's policy rate changes on Germany's inflation rate.
In contrast, the VAR-analyses for the crisis countries Italy and Spain reveal a significant and negative effect, implying that a downward movement in the interest rate triggers an upward movements in the inflation rate in those countries.
Therefore, in terms of fighting deflation, Italy and Spain may have benefited more from the ECB's low interest rate policy than Germany. The inflationary effect of a monetary shock in these two peripheral countries would be confined mostly to food products and energy.
Our results call for a better understanding of the mechanism of a potential All the eigenvalues lie inside the unit circle. PVAR satisfies stability condition. Probs from chi-square with 4 df. 
